There is today a lack 
Introduction
The human body consists of approximately 60% water, a level which is important to maintain for survivaI. WhiIe it is unproblematic to provide the body with water, getting rid of surplus water is a major problem in renal patients. 
2.
Data acquisition and material The four systems operating in parallel during the data recording. The conventional hemodialysis system is illustrated with the dashed box.
In addition to the conventional dialysis instruments, the data acquisition involves an ECG recorder, a blood pressure monitor, and a Crit-line instrument, see the system overview in Fig. 1 . All four systems were operating simultaneously and the resulting recordings were stored on related PCs. The dialysis machine used in this study was: Gambro AK . , r
Duration of treatment (h) UF volume (net) (1)
UF rate (vh) processing of the ECG can be divided into three processing blocks, see Fig. 2 
HRV analysis
The analysis of heart rate variability is based on the socalled heart timing (HT) representation. This is a recently published method based on the wel1-known integral pulse frequency modulation (IPFM) model [l]. The IPFM model is used for simulating the variability of a series of occurrence times for normal sinus beats, and reflects basic electrophysiological properties of the atria 123. The input signal to the IPFM model consists of the sum of a DC level, related to average heart rate, and a modulating signal, m(t). where R = 27rF. Hence, once the Fourier transform o f the heart timing signal, DHT(Q), is known, the desired spectral estimate Dm(n) can easily be computed.
Ectopic beats introduce errors in the analysis of HRV. The errors are due to an impulse-like artifact in the RFt intervals introduced by the RR intervals adjacent to an ectopic beat. .Since ectopic beats interrupt the normal sinus modulated heart rhythm, ECG segments containing frequent ectopic beats should be excluded from further
The heart timing representation can be modified to handle the 'presence of occasional ectopic beats, in this paper by using a computationally very efficient method [31.
In the description below, we assume that sinus beats occur at the times toi t l , . , . t~, and that one ectopic beat occurs at time t , in the signal. The time t , is not included in the series to, t l , . . . , t~, and the sinus beat immediateIy preceding the ectopic beat occurs at t k e and the sinus beat immediately following occurs at t k , + l .
An approach to dealing with ectopic beats is introduced by first concluding that an ectopic bear shifts the occurrence times of subsequent normal heart beats. By estimating this time shift, 6, the presence of ectopic beats can be accounted for by the following equation
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( The EBC analysis is based on the occurrence times of the ectopic beats. The occurrence times may be modeled by a point process, and characterized by its intensity. The EBC analysis tracks changes in the mean intensity of ventricular ectopic beats and "missing" beats. The anaIysis is performed in a window which slides over the signal, thus the EBC analysis follows changes in the intensity blockwise.
It is assumed that the occurrence times of the ectopic beats obey a Poisson process.
Thus, the distances between successive occurrence times are independent and exponentially distributed with intensity A. Assuming a fixed intensity X within a block, the ML estimate of X is given by 
HRV analysis
The HRV analysis was performed according to Sec. 3.1 and all ectopic beats were handled prior to HRV analysis. Examples of the LF/HF ratio in three different sessions (two HP and one HR) are shown in Fig. 3 . The LF/HF ratio in these sessions illustrates the statistical difference in LF/W ratio between HR and HP patients. A plausible threshold of the LF/HF ratio to distinguish between HR and HP patients would be to use a value around one, Le., equal energy in the LF and HF band, see Fig. 3 . The LF/HF ratio increases and then decreases markedly prior to an acute symptomatic hypotension, see Fig. 3(a) . In case of a symptomatic hypotension, but not acute, the LF/HF ratio tends to be very low, see Fig. 3(b) . Two occasions with a slight head-up tilt occurred in Fig. 3(a) . Thus, the large increase in the LF/HF ratio prior to acute symptomatic hypotension can partly by due to the tilt, since tilting causes an increase in the LFkIF ratio, The increase of the LFMF ratio due to a tilt can also be seen in Fig. 3(b) .
4.2.

EBC analysis
The Poisson-based method tended to generate disturbances for small values of the denominator in (4). In order to deal with such disturbances, a simple method was used which counts the number of ectopic beats within a block.
Examples of the EBC analysis in three different sessions are shown in Fig. 4 . The intensity of ectopic beats appears to increase markedly during acute symptomatic hypotension, see Fig. 4(a) and (b) . The marked increase in intensity is not observed in stable patients, see Fig. 4(c) . An absolute threshold to distinguish acute symptomatic hypotension is not possible to determine, since the amount of ectopic beats present during treatment is individuaI, and differs from treatment to treatment. An intensity can be associated with stabIe blood pressure in one patient and an acute symptomatic hypotension in another, see Fig. 4(b) and (c). Thus, detection of acute symptomatic hypotension requires a relative threshold, since a change in-intensity is of interest; a relative intensity threshold couid, for example, be four times the mean intensity during treatment.
5.
Discussion and conclusions
There are very few articles in the field of hemodialysis and HRV which deals with the presence of ectopic beats, and none performs, to our knowledge, any kind of ectopic beat analysis. It is well-known that ectopic beats are common in dialysis patients [4] (about 50% of the patients were excluded from HRV analysis in the present study). ' Thus, HRV analysis is insufficient as a marker of hypotension, and a detector must perform complementary analysis to deal with substantial amounts of ectopic beats. The proposed ECG-based method detects the two cases of acute hypotension and provides information of the patient's propensity to hypotension at an early stage during hemodialysis. The acquisition of another database is needed to further evahate the method. 
